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RADIO FREQUENCY RECEIVER CIRCI JTT 



This invention relates to a radio frequency (RF) receiver circuit and more especially, 
although not exclusively, to a remotely accessible and tuneable radio receiver circuit 
for use as a radio relay. 

According to the present invention a radio frequency receiver circuit comprises: an 
antenna for receiving a radio frequency signal; an optical detector for receiving a 
modulated optical signal and converting it to an electrical signal; means for mixing the 
electrical and radio frequency signals to produce an intermediate frequency signal; and 
a reflective optical modulator which is operable at the intermediate frequency to 
modify and reflect the optical signal with the intermediate frequency signal. 

By detecting the optical signal which has been modified and reflected by the circuit, 
it is possible to remotely detect the radio frequency (RF) signal received by the circuit 
and the circuit thus acts as a remotely accessible RF receiver. Furthermore, since the 
modulation frequency of the illuminating optical signal determines the local oscillator 
frequency of the circuit, the circuit further operates as a remotely tuneable RF receiver. 
The term radio frequency is intended to have a broad meaning to include any 
electromagnetic radiation which is propagating in free space and is intended to include 
such radiation in at least the frequency range 10 kHz to 300GHz. A particular 
advantage of the receiver circuit of the present invention is that due to its simplicity 
it is inexpensive and yet provides a high performance capability. Depending on the 
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performance required the circuit can either include its own power source such as a 
battery or it can rely on the optical signal to provide the electrical energy required to 
operate it. Since the local oscillator frequency of the circuit is set by the modulation 
frequency of the optical signal, the circuit does not need to generate its own stable 
reference frequency and this reduces the circuit's complexity and electrical power 
consumption. 

Preferably the means for mixing the modulated electrical and RF signals comprises a 
non-linear radio frequency component such as a transistor and the optical receiver 
comprises a photodiode. In a particularly preferred form the photodiode is used as 
both the non-linear component and the optical receiver and the circuit is illuminated 
with a high intensity optical signal such that the photodiode operates as a non-linear 
device. 

In one arrangement the circuit further comprises means, such as, for example, an 
optical beam splitter, for directing a part of the optical signal onto the optical detector 
and a part onto the reflective optical modulator. Advantageously in an alternative 
arrangement the optical receiver is located on the reflective surface of the optical 
modulator such that the optical signal is simultaneously incident on the reflective 
optical modulator and optical detector thereby eliminating the need for an optical beam 
splitter. 

■ .* 

In yet a further implementation of the invention the circuit further comprises means 
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such that the circuit transmits a radio frequency signal from the antenna and wherein 

the frequency of said transmitted signal is related to the modulation frequency of the 

optical signal used to illuminate the circuit. In a preferred embodiment the circuit is 

capable of simultaneously transmitting and receiving a receiver radio frequency signal. 

Such a circuit is ideally suited as an interrogator circuit for use in a tagging system 

which uses tags containing semi-passive (sometimes termed pseudo passive) 

transponder circuits since it is capable of illuminating a semi-passive tag with an RF 

signal and is capable of simultaneously detecting any modulation applied to this signal 

by the tag. A particular advantage of such an interrogator circuit is that 

communication over large distances is possible using only low power radio 

transmitters as the circuit is optically remotely accessible. 

In a further preferred arrangement a photodiode is connected to the antenna such that 
the resonant frequency of the antenna can be remotely tuned using the optical signal 
to set the capacitance of the photodiode. Such an arrangement is particularly 
advantageous when the circuit is being operated as a transmitter circuit. It is 
envisaged either to provide a separate photodiode for this purpose or to use a single 
photodiode to both tune the antenna and detect the modulation of the optical signal. 
In the case of the former it is preferred to illuminate the circuit with two optical signals 
(i) a continuous wave optical signal for tuning the antenna and (ii) a modulated optical 
signal of a different wavelength to set the local oscillator frequency of the circuit. The 
concept of using an optical signal both to tune an antenna and to provide the local 
oscillator frequency for receiving and/or transmitting an RF signal in a radio frequency 
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circuit is considered inventive in its own right. 
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In yet a further application of the invention, a radio receiver array comprises a 
plurality of radio frequency circuits as described above. 

With any embodiment of the invention, the optical signal can propagate through free 
space and thus the circuit operates as an essentially 'line of sight' device or can be 
guided using an optical fibre or other light guide. In the latter case and in accordance 
with a further application of the invention, a distributed antenna system comprises one 
or more optical fibres including a plurality of radio frequency receiver circuits 
described above, associated with the optical fibre/s. Such an arrangement finds 
particular application as part of a telecommunications system within a building as it 
enables cordless communication using low power radio devices. 

According to a second aspect of the invention a radio frequency circuit comprises an 
antenna and a photodiode connected across the antenna wherein the photodiode is 
operable to receive a modulated optical signal to provide the local oscillator frequency 
of the circuit and wherein the capacitance of the photodiode is used to tune the 
antenna. 

In order that the invention may be better understood, five circuits in accordance with 
of the invention will now be described, by way of example only, with reference to the 
accompanying drawings in which: 
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Figure la is a schematic representation of a radio frequency receiver (relay) circuit in 
accordance with the invention; 



Figure lb is a schematic circuit diagram of the relay circuit of Figure la; 

Figure 2 is a schematic of a further remotely accessible radio frequency relay circuit 
in accordance with the invention; 

Figure 3 is a schematic representation of a remotely accessible radio frequency relay 
circuit according to a further aspect of the invention in which the antenna can be 
remotely tuned; 

Figure 4 is a schematic representation of a remotely accessible radio frequency relay 
circuit with a further form of remote antenna tuning; and 

Figure 5 is a schematic representation of a circuit for use in a tagging system in 
accordance with the invention. 

Referring to Figure la there is shown a radio relay circuit 2 which is capable of 
receiving and detecting a modulated radio frequency (RF) signal 4 in the frequency 
range 400 to 500 MHZ and relaying the detected signal to a point 6 which is remote 
from the circuit 2. The relay circuit 2 comprises: an antenna 8 for receiving the 
modulated RF signal 4; a photodiode 10 which is capable of operating at radio 
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frequencies for receiving and detecting a modulated optical signal 12; a non-linear 

mixer 14 for mixing the detected RF and optical signals; a piezoelectric resonator 16 

and an optical beam splitter 18 for splitting the optical signal 12 to ensure that a 

respective part 12a, 12b of the signal is incident on the photodiode 10 and the 

resonator 16. 

As shown in Figure lb the non-linear RF component 14 can comprise a gallium 
arsenide (GaAs) field effect transistor (FET) which is configured by a matching circuit 
(not shown), which can comprise lengths of transmission line or discrete lumped 
elements, to operate as an ultra low current mixer circuit for mixing the RF signal 4 
received by the antenna 8 with the electrical signal produced by the photodiode 16 as 
a result of the modulated optical signal 12a. 

In operation a laser vibrometer system 20 which is located at the remote point 6 
illuminates the circuit 2 with a beam of infra red (IR) light (1500 nm) 12 which is 
amplitude modulated (AM) at a selected radio frequency. The modulation frequency 
is selected to be the required frequency of operation of the radio relay circuit 2 which, 
for the embodiment illustrated, is in the range 400 to 500 MHZ. 

The optical signal 12 is split by the optical beam splitter 18 such that a part 12a of this 
signal is incident on the photodiode 10 and a part 12b is incident on the surface of the 
piezoelectric resonator 16. Although the function of the piezoelectric resonator is 
described below, it is sufficient to state that it has a retro-reflective surface 22 which 
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reflects light 24 back towards the laser vibrometer 20. 
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The light 12a which is incident on the photodiode 10 is converted into an electrical 
signal which is used (i) to provide electrical energy to the circuit 2 and (ii) to act as a 
local oscillator for the GaAs FET mixer 14 by injecting the modulation frequency of 
the optical signal 12 into the gate of the FET 14. The radio frequency signal 4 which 
is received by the antenna 8 is mixed by the FET 14 to produce a low frequency 
product signal, or intermediate frequency (IF) signal, which is applied to the 
piezoelectric resonator 16. The IF signal which is representative of the frequency 
differences between the RF signal 4 and the local oscillator frequency causes the retro- 
reflective surface 22 of the piezoelectric resonator 16 to vibrate at this frequency. 
Vibration of the retro-reflective surface 22 modifies the phase and/or amplitude of the 
reflected optical signal 24 and this modification is detected by the laser vibrometer 
system 20. 

It will be appreciated that the circuit 2 thus acts as a remotely accessible radio 
receiver, or relay, for detecting low power radio frequency signals and can be remotely 
tuned to a desired frequency of operation by the frequency of modulation of the 
illuminating optical signal 12. Since the optical signal 12 is used to provide energy 
to the circuit 2, the circuit does not need to include a battery and consequently has a 
very long operating life expectancy. Furthermore, due to the simplicity of the circuit, 
an extremely compact and inexpensive device can be produced which is preferably 
encapsulated in an IR transparent plastics material. 



+ 
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One example of an application for the radio relay circuit described would be for 
tracking goods or vehicles in an urban environment in which the goods or vehicle to 
be tracked carries a low power radio transmitter. Normally this would be very 
difficult as the buildings in such an environment prevent the low power radio signals 
reaching a central receiving station. However by mounting a series of the radio relay 
circuits described at roof height, or on the side of buildings, it is possible using a 
steerable laser device at the central station to remotely detect low power radio signals 
which are being radiated at ground level. Since the local oscillator frequency for each 
radio relay circuit is provided by the modulation frequency of the interrogating laser 
device, the radio signals from a number of radio relay circuits can be coherendy 
compared to determine the range of the transmitter from each relay circuit and from 
this the position of the radio transmitter determined and tracked. Such an arrangement 
is particularly useful for tracking the movement of high value shipments, vehicles or 
stolen vehicles. 

A particular advantage of the radio receiver of the present invention is its high 
performance coupled with its low power consumption and extremely low cost. Since 
the optical signal provides the local oscillator frequency to the receiver circuit this 
reduces the power consumption of the circuit, increases the circuit's flexibility and 
eliminates the need for the circuit to have its own stable reference oscillator. 

A further example of an application of the radio relay circuit described is in the 
construction of a distributed antenna system, such as for example a phased array 
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antenna in which a number of circuits are located in known relationship to one another 
and interrogated in an appropriate sequence by the laser vibrometer system. 

It will be appreciated by those skilled in the art that the circuit will also work for an 
RF signal 4 which is not modulated (i.e. a continuous wave carrier signal) and the 
circuit thus operates as a remotely tuneable radio frequency detector. For an 
unmodulated RF signal 4 the IF signal will also be unmodulated and the reflective 
surface of the piezoelectric modulator will vibrate at this frequency, thereby modifying 
and reflecting the optical signal 12. Detection of the modified optical signal 24 is 
indicative of the presence and magnitude of the radio frequency signal 4. 

In addition to functioning as a remotely accessible radio receiver, the circuit can be 
configured to further operate as a remotely accessible radio transmitter which is 
capable of radiating an RF signal with a selected frequency. In such an application the 
circuit 2 further includes a battery, or a capacitor which is charged from the photo- 
diode 10 and the FET 14 is configured to self-oscillate and radiate an RF signal from 
the antenna 8. The FET 14 is configured to self-oscillate using a biasing network (not 
shown) such that it operates in its relatively higher gain linear region of its gain 
characteristic. In operation the frequency of self-oscillation of the FET 14 is 
determined by the modulation frequency of the optical signal 12 which is used to 
"injection-lock" the frequency of self-oscillation. The circuit can thus act as a 
remotely tuneable radio transmitter in which the frequency of operation is determined 
by the modulation frequency of the optical signal 12. 
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In a preferred embodiment of the invention, as shown in Figure 2, the photodiode 10 
is configured to act not only as an optical detector for detecting the optical signal 23 
but also to act as the non- linear mixing element 14, thereby eliminating the need for 
the transistor 14. In this arrangement the antenna comprises a bow-tie dipole 
5 broadband patch antenna (though it will be appreciated that other types of antenna can 
be used) and the photodiode 10 and resonator 16 are connected in parallel across the 
antenna 8. A radio frequency choke (RFC) 26 is provided between the photodiode 10 
and resonator 16 to prevent the radio frequency signal reaching the resonator 16 
thereby ensuring that only the IF signal reaches the resonator 16. When the 

10 photodiode 10 is illuminated by a sufficiently high intensity optical signal, its 
behaviour will become non-linear and it can then be used to mix the received RF 
signal 4 with the local oscillator frequency detected by the photodiode 10. 
Furthermore in such a circuit it is preferred to mount the photodiode 10 on the surface 
22 of the piezoelectric resonator 16, thereby eliminating the need for the optical beam 

15 splitter 18, and this results in an even more compact device. 

It will be appreciated by those skilled in the art that the circuit of Figure 2 inherendy 
acts as a remotely tuneable RF transmitter. This is because the photodiode which 
detects the modulated optical signal 12 generates an RF voltage across the bow-tie 
20 dipole antenna 8 which is radiated as an RF signal 38. It is thus possible to operate the 
circuit as a remotely tuneable radio transmitter by illuminating it with an optical signal 
which is modulated with the required frequency of transmission of the circuit. 
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Referring to Figure 3, a further preferred form of the circuit is shown which utilises 

a loop antenna 28 (though it will be appreciated that the arrangement applies to other 

types of antenna). In common with the circuit of Figure 2 the photodiode 10 is 

connected across the open ends of the antenna 28 and performs two functions: (i) it 

detects the modulation of the optical signal 12 which is applied to the non-linear 

mixing element 14 via a coupling capacitor 30; and (ii) it acts as a tuning capacitor to 

set the resonant frequency of the loop antenna 28. The photodiode 10 which is 

illuminated with the AM optical signal 12 produces a photo current having two 

components: (a) a high frequency current corresponding to the RF modulation of the 

optical signal; and (b) a continuous or DC current, resulting from the continuous wave 

component. The DC current via the loop which comprises a radio frequency choke 

(RFC) 26 and load resistence 32 controls the DC bias across the photodiode 10 and 

hence its capacitance. The capacitance of the photodiode is used to tune the antenna 

28 to the desired frequency of operation which, for a transmitter circuit, allows 

efficient radiation of the radio frequency signal. The use of a photodiode to both tune 

an antenna and detect the local oscillator frequency for a radio frequency circuit is 

considered to be inventive in its own right. 

To further improve the bandwidth of the circuit, two photodiodes 10, 28 are provided, 
Figure 4. The first photodiode 10 is used to detect the local oscillator frequency and 
the second photodiode 34 to tune the antenna. In operation this circuit is illuminated 
with two optical signals, an AM modulated optical signal 12 and a continuous wave 
(CW) optical signal 36 which is of a different wavelength. As described above, the 
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AM modulated signal 12 determines the local oscillator frequency of the circuit and 
is detected by the photodiode 10. It will be appreciated that the photodiode 10 can 
also be used as the non- linear mixing element if the AM modulated optical signal 12 
is of sufficient intensity though it is preferred to use a dual gate GaAs FET as the radio 
5 frequency mixer. The photodiode 10 includes an optical filter which blocks the CW 
optical signal 36. The CW optical signal 36 is detected by the second photodiode 34 
and is used to control the bias across the antenna 28, thereby allowing the antenna to 
be tuned for optimum performance. 

10 Referring to Figure 5, there is shown a circuit in accordance with a further aspect of 
the invention which is for use in a tagging system which uses tags containing "semi- 
active", "pseudo passive" or "reflective modulating" transponder circuits. As is 
known a semi-passive transponder is a transceiver circuit which can detect information 
transmitted to it from an interrogator circuit and transmit information to the 

15 interrogator by reflecting and modulating the illuminating signal from the interrogator 
circuit. As such a semi-passive transponder does not include an active transmitter 
circuit and relies solely on the interrogator to provide the communication medium. 



The circuit of Figure 5 is in essence the same as that illustrated in Figure 2 and 
20 comprises a bow-tie dipole patch antenna 8, a radio frequency photodiode 10 
connected across the dipole of the antenna and a piezoelectric resonator 16. As will 
be seen the photodiode 10 is mounted on the surface of the piezoelectric resonator 16 
thereby eliminating the need for a beam splitter. 



13 P/61460.GBA/MRC 
In this implementation the RFC 26 comprises the wire link between the resonator 16 

and photodiode 10. The operation of the circuit is substantially the same as that 
described above, in which the photodiode 10 acts as both the non- linear mixing 
element and the optical detector. The device 2 is illuminated with an optical signal 12 
5 which is amplitude modulated at the required frequency of transmission of the circuit. 
The photodiode 10 detects this signal and generates a radio frequency voltage across 
the antenna 8 which radiates an RF signal 38. This RF signal 38 is received by a semi- 
passive tag, or transponder circuit 40, which reflectively modulates the RF signal back 
to the circuit 2. The reflected and modulated signal 42 is received by the interrogator 

10 circuit and is mixed in the photodiode 10 with the transmitted frequency to produce 
an IF signal which corresponds with the modulation signal applied by the tag. The IF 
signal, which is applied to the piezoelectric crystal via the RFC 26, modifies the phase 
of the optical signal reflected from it and this modification is coherently de-modulated 
by the remote optical system 20. The circuit thus acts as an interrogator circuit which 

15 is capable of transmitting an RF signal 38 and simultaneously receiving an RF signal 
4. A particular advantage of this interrogator circuit over the known arrangements 
which use radio frequency signals throughout, is that it can be operated at a long range 
using only low power RF signals. 

20 Whilst in the various embodiments described so far the illuminating signal 12 
propagates through free space such that the circuit is an essentially line of sight device 
it will be appreciated that, in other embodiments, the circuit can be illuminated by 
guiding the light using an optical fibre or other forms of light guide. One example of 
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such an application is in a cordless telecommunications system for use in a building 
in which a number of interrogator circuits located at various points around the building 
are attached to an optical fibre network. A particular advantage of this type of system 
is that cordless communication is possible using very low power, short range, RF 
devices. 

It will be appreciated that the present invention is not restricted to the specific circuits 
described and that modifications can be made to them which are within the scope of 
the invention. For example, whilst the use of a photodiode has been described, other 
forms of photo-detectors can be used, such as for example, photo-transistor. 
Furthermore, other forms of non-linear mixing components can be used. 
Whilst in all of the embodiments described the circuit can, using the optical signal, 
remotely detect and receive radio frequency signals it will be appreciated that the 
circuit can additionally perform further functions such as, for example, using an 
optical signal to transmit or receive ultrasonic signals. In such an application the 
incident laser beam is modulated with an ultrasonic AM modulation and the mixer is 
used to drive the acoustic resonator. Alternatively, the circuit can be operated as an 
ultrasonic receiver circuit to RF transmit circuit. Here an incident ultrasonic signal 
generates a voltage from the piezoelectric element which is mixed with a laser- 
provided local oscillator causing an RF signal to be emitted. In yet a further 
implementation the radio circuit could be accessed using a magnetic signal as opposed 
to an optical signal. 
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1. A radio frequency (RF) receiver circuit comprising: an antenna for receiving 
a radio frequency (RF) signal; an optical detector for receiving a modulated optical 
signal and converting it to an electrical signal; means for mixing the electrical and RF 
signals to produce an intermediate frequency signal; and a reflective optical modulator 
which is operable at the intermediate frequency to modify and reflect the optical signal 
with the intermediate frequency. 

2. A radio frequency receiver circuit according to Claim 1 in which the means 
for mixing comprises a non-linear radio frequency component. 

3. A radio frequency receiver circuit according to Claim 2 in which the non-linear 
component comprises a transistor. 

4. A radio frequency receiver circuit according to any preceding claim in which 
the optical receiver comprises a photodiode. 

5. A radio frequency receiver circuit according to Claim 4 when dependent on 
Claim 1 or Claim 2 in which the non-linear radio frequency component comprises the 
photodiode. 

6. A radio frequency receiver circuit according to any preceding claim in which 
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the reflective optical modulator comprises a piezoelectric acoustic resonator. 



7. A radio frequency receiver circuit according to any preceding claim and further 
comprising means for directing a part of the optical signal onto the optical detector and 
a part onto the reflective optical modulator. 

8. A radio frequency receiver circuit according to any preceding claim in which 
the optical detector is located on the reflective surface of the reflective optical 
modulator such that the optical signal is simultaneously incident on both the reflective 
optical modulator and optical detector. 



9. A radio frequency receiver circuit according to any preceding claim and further 
comprising means such that the circuit transmits a radio frequency signal from the 
antenna wherein the frequency of said transmitted signal is related to the modulation 
frequency of the optical signal. 




10. A radio frequency receiver circuit according to Claim 9 which is capable of 
simultaneously transmitting and receiving a radio frequency signal. 



11. A radio frequency receiver circuit according to any preceding claim and further 
comprising a photodiode connected to the antenna such that the resonant frequency of 
the antenna can be remotely tuned by using the optical signal to set the capacitance of 
the photodiode. 
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12. A radio frequency receiver circuit according to Claim 11 in which the 
photodiode comprises the optical detector. 



13. An interrogator circuit for use in a tagging system which uses semi-passive 
transponders comprising a radio frequency receiver circuit according to Claim 10. 

14. A radio receiver array comprising a plurality of radio frequency receiver 
circuits according to any preceding claim. 

15. A distributed antenna system comprising an optical fibre including a plurality 
of radio receiver circuits, according to any preceding claim, associated with the optical 
fibre. 

16. A radio frequency receiver circuit substantially as hereinbefore described and 
substantially as illustrated by way of reference to Figure 1 or Figure 2 or Figure 3 or 
Figure 4 or Figure 5 of the accompanying drawings. 

17. A radio frequency circuit comprising an antenna and a photodiode connected 
across the antenna wherein the photodiode is operable to receive a modulated optical 
signal to provide the local oscillator frequency of the circuit and wherein the 
capacitance of the photodiode is used to tune the antenna. 
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RADIO FREQUENCY RECEIVER CIRCUIT 



A radio frequency (RF) receiver circuit (2) comprises: an antenna (8) for receiving a 
radio frequency (RF) signal (4); an optical detector (10) for receiving a modulated 
optical signal (12) and converting it to an electrical signal; means (14) for mixing the 
electrical and RF signals to produce an intermediate frequency signal; and a reflective 
optical modulator (16) which is operable at the intermediate frequency to modify and 
reflect (24) the modulated optical signal (12) with the intermediate frequency. By 
detecting the optical signal which has been modified by the circuit, it is possible to 
remotely detect the RF signal received by the circuit and the circuit thus acts as a 
remotely accessible RF receiver circuit. 



(Figure la) 



